Stroke
April 2013 was 47±10 mm 2 . Hyperintensity in infarcted tissue was considered FLAIR-positive; discordant FLAIR ratings were resolved by consensus. Interobserver agreements were calculated. The two measurements were averaged for statistical analysis by paired t tests (Minitab version 15.1.0.0; Minitab Inc, State College, Pennsylvania).
Results
Onset was <4.5 hours in 25 patients (52.1%; 182.3±65.6 minutes). CST was affected in 35 patients (72.91%). Significant differences between infarcts <4.5 and >4.5 hours were found for rFA at CST (P=0.001; Figure in the online-only Data Supplement), rMD cortical gray matter (P=0.036), rADC cortical gray matter (P=0.009), rT2 at CST (P=0.006), and FLAIR (P<0.001; Table) . Logistic binary regression models and receiver-operating characteristic curves demonstrated rFA at CST most reliably discriminated infarcts <4.5 hours (Goodman-Kruskal=0.76; Kendall=0.39; Figure 1 ), with sensitivity, specificity, and positive and negative predictive values for an rFA at CST cutoff of >0.970 being 93.8%, 84.6%, 88.2%, and 91.7%, respectively. Interobserver reliability for ROI measurements and FLAIR rating were good (interclass correlation coefficient 0.89 and 0.75, respectively).
Discussion
This prospective study in patients with territorial middle cerebral artery stroke found rFA at CST increased in the first 4.5 hours, and rFA>0.970 reliably predicted whether <4.5 hours had elapsed since onset.
FA is a DTI-metric of the relative difference in water diffusivities along multiple axes expressed by 3 eigenvalues: lambda 1 (principal axis or axial diffusivity), representing water motion along the length of axons, and lambda 2 and lambda 3 (shorter perpendicular axes or radial diffusivity), indicating perpendicular water diffusion across the axon. 5 Oligodendrocyte swelling from cytotoxic edema, one of the earliest morphological changes after stroke, results in extraaxonal water and compression of the axoplasm by swollen myelin sheaths, which translates to greater decline in radial than axial water diffusivity in infarcted white matter and increased rFA. 5, 6 Although the cellular basis of this phenomenon is not completely clear, it could explain the increase in rFA in the first 4.5 hours (Figure 2A ). Our findings of elevated FA in hyperacute stroke are consistent with previous studies. 4, [6] [7] [8] [9] [10] [11] As the infarct evolves over time, the breakdown of the axons eventually results in massive water accumulation in axon tracts that translates to hyperintensity in FLAIR and T2-weighted images. 10 In the hyperacute stage, large decreases in FA suggest loss of cellular integrity with irreversible axonal injury not reflected on conventional MRI ( Figure 2B ). We detected significant FA alterations only in the CST, probably attributable to the greater anisotropy of the tightly packed single-directed fibers. ADC indicates apparent diffusion coefficient; FA, fractional anisotropy; FLAIR, fluid-attenuated inversion recovery; GM, gray matter; MD, mean diffusivity; NIHSS, National Institutes of Health Stroke Scale; r, ratio; T2WI SI, signal intensity on T2-weighted imaging; and WM, white matter. by guest on April 11, 2017 http://stroke.ahajournals.org/
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Certain limitations merit comment. Manual ROI placement is subject to operator bias; automated ROI analysis or voxelbased analysis may resolve this issue. Our small sample limits the power of our findings. The rFA cutoff value was not applicable to other regions of territorial infarction, although most patients (72.91%) had CST damage. The expected rate of CST involvement in real-world practice is, therefore, critical to the applicability of the technique, and an independent validation cohort would be necessary. Finally, analyzing radial diffusivities might provide additional information about stroke time. 
